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Overview 


nfalt^ 6 ma | 0r .S 0 ^ ° f ^ ese studies was to continue investigations into the influence 

nereoufsyS Of late ? °" ^ devel “P ment and Action of the vertebrate brain and 
2“ ™ f Stem - °J ™J° r f ocus dunI >8 the 1 8-month funding period of this award was 

P^aS T °1 ? e Tf in ** "PCdnmM mouse and medaka modd 
p ^ns. The expenments focused on characterization of stress-sensitive periods in 

Svior e rae”h^h d lmme ^ ia,eor de ! a y ed effecB °” 8 ene expression, physiology and 
. , . j . ypothesis under investigation was that the environment of space will 

have biologically significant effects on the development and function of the vertebrate 
nervous system. We have postulated that these effects will be more Sfa o“to 

::rL CO r Panme “ S ' SUch “ the vesti bular-motor system, and that these effects will 
ave greater impact at particular stages of embryonic and post-natal development of the 
animal. Development of the central nervous system is well known Z t s 

S,taUH ' T° Ugh thC of^vitatlon"^ 

are poorly understood. The long-term goals of this research effort, initiated previously 
and contmued m hunted capacity during this interim period, were to pSe taZmt 
ew information on the effects of altered environments during these critical permit 
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m. Specific Goals of the Project 


1 . 

2 . 

3. 


Maintain inbred strains of mice and fish that 
models. 


serve as the 


source of experimental 


Continue to analyze by in situ hybridization and imiminohistochemistry specimens 
that have been exposed to hypoxia or heat shock. ^ spec.mens 

sre?ems ofhomSh^ expressi “ n in lhe ^eloping medaka central nervous 
altered environments ” ay “ SensMve ““'“ular markers of 


IV . Summary of Research Findings 

'• ,0 C0 " tinue ,0 h0USe ,he ™ Ce “* colonies, albeit at a 

2 ' “ nside 5 able progress in the analysis of the expression of the small 

eat shock protein Hsp25, during neural development and importantly, in response to 
rivo envronmentol stresses, hypoxia and heat shock. Although 
small heat shock protein family member Hsp25 had been previously ES in fte 
r tr r tr° US SySt r ( P' S) ’ b0th “naitutively and upon induction, its function in 

expresril of Z,? 1 - Z Z 'bar-terized the spatial pattern Of 

P Hsp25 in the normal adult mouse brain as well as the changes in 

expression patterns induced by subjecting mice to experimental h^eXS or 
yp Xia. Immunohistochemical analysis revealed a surprisingly restricted Dattem of 
eXP ? SSi °" 0f Hsp25 in «» b -in, limited 
ambiguus hypoglossal and vagal motor nuclei of the brain stem After hvnerth^rmi* 
or hypo™ tteatmen, significant increases in the levelTof ^25 wO e SOZ 
these same areas and also in fibers of the facial and trigeminid nZ tta c t" 

“ taSSS'C?' ' y T Z brai " ^ 3180 ^owed ^ ^pZeS 

' Surprisingly, no other area in the brain showed expression of 

Sp25Z|teZaZZm- StreSSed t, animalS ' The “*“* restricted expression of 
Hspzs implies that this protein may have a specific physiological role in the orofacial 

the pLZv 1 ’ 8 °7? PreC,Se “ordination between muscles of mastication and 
die pharynx, la^nx, and face. Its rapid induction after stress fimher suggests Z 

Hsp25 may seive ^ a specific molecular chaperone in the lower cholinS mom 
neurons and along their fibers under conditions of stress or injury. 8 mo,or 

3 ' ZSZllZZZ XP r SSi0 r f 3 medaka 4 bomoobo* Sene during 

, . , pment. Briefly, homeobox-containing genes of the Hox class havp 

been identified and characterized in cnnninc -fu - . ox class have 

SenneLt lnV T “ Y'l ** ltS res P onse to retinoic acid has been investigated 
quence analysis showed that this medaka gene had the highest homology to the 
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group 4 class of vertebrate Hox genes. Northern blot and in situ hybridization 
dialysis revealed that the gene in medaka is expressed with a distinct spatial and 

leXmart lt^n^K em ^° 8enesi f’ similar to its potential mammalian 
vesicle^n the boundary was located in a position posterior to the otic 

” he centraI ne Z 0US system ’ very similar to w hat has been observed in 
mouse. Since retinoic acid is widely regarded as a Hox gene regulator and retinoic 
acid response elements were found in the upstream region of this medaka group 4 
Hox gene, medaka embryos were treated with retinoic acid at different stages of 

rr:r„ n ?:r ,erior ° f ££ s 

fn hf T 5 * * 8 t was Shlfted antenorly retinoic acid treatment, analogous 

u ^ phenomenon observed in m vivo experiments of two of the group 4 murine 
ox genes. Our experiments show that the medaka group 4 Hox gene possesses 

thr r em^klhl haraCtenStlCS “ ?° Se ° f H ° X gCneS in m0USe and human > underscoring 
remarkable conservation of expression and possible function of these genes. 

4 ‘ ^ 6Xtended t0 include its interaction with the stress- and 

mtogen-acnvated protein (MAP) kinase, p38, which can be activated by a broad 

T SSeS aS , We11 38 by inflammatoiy <*tokmes and tumor 
nf niff if \ e p38 kinase pathway may lead to phosphorylation and activation 

fRFR map? necessary for the stress response, including ATF1, ATF2, CHOP 
CREB MAP kinase activated protein kinase-2/3 (MAPKAPK-2/3) and Hsp25.’ 
sp oiylation of Hsp25 by p38 kinase has been implicated in the signal 

fi Wnf T by Whkh non ' neur °nal cells regulate organization of their actin 

filament system, suggesting that Hsp25 can act as an actin-capping protein 
urthermore, during stress, Hsp25 may interact with Akt/PKB kinase, a member of 
PI-3 kinase pathway that prevents neuronal cell death. The experimental system used 
spinal cords of axotomized, sham-operated and control mice which were dissected 

WestemWoTfl ^^^hemistiy. Protein lysates were analyzed by 

. . , b t , aly f s i and lm munoprecipitation. Expression of p38 kinase was found 
to be induced m the lumbar spinal cord on the side of the injury on the third day 
postaxotomy to reach maximum levels on the fourth day, and tobe sustained up to 
20 da y s postaxotomy. Antibodies specific for phosphorylated p38 protein revealed 
that localization of phosphoiylated p38 kinase was restricted to axotomized motor 

wX^H^S^^’ ** 6Xp .f Ssi0n pattems of MAPKAPK-2 and Akt kinases as 
, p p ein sim ilar to that of p38. The p38 kinase inhibitor SB203580 

fl n?A ? PreSS - 10n ° f Hsp25> Immu noprecipitation showed that p38 Hsp25 
p38/HsD25/4Af d pr °? n C0I JPlexes during regeneration. The results indicate that 

fn Suit nS X Pathway may be a critical of regenerative mechanisms 

CNS - Together, our observations implicate Hsp25 as a central plaver in a 
complex system of signaling that might both promote regeneration of nervefibers and 
prevent neuronal cell death in the injured spinal cord. 

5 * £?? eXpr ?f° a in the testes had not Previously been examined within an extended 

developmental framework or with regard to testicular tissue type. W^Sre 

? ±e developmental expression of Hsp25 in the testes and examined its 

spatial and temporal correlation of expression with p38 and p38 phosphorylation. We 
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found ih at Hsp25 expression appeared to be limited to the cytoplasm of Sertoli cells 
and that P 38 act.va.ion by phosphorylation did no. appe£ to cor^ p, "d t to 

We 0bserved Hs P 25 “Pression in testes at L fcuime 

tobu es tons T a b '° °a Se T SignS ° f differentiation in the seminiferous 
tubules - day 13.5 of embryonic development. Hsp25 did not appear either in the 

primordial germ cells or m cells surrounding the developing tubule, and was limited 

o the cytoplasm of maturing Sertioli cells. This pattern of Expression conSued for 

H time p0mts examined - Expression in the adult appeared to be evenlv 

distributed along the Sertoli cells rather than concentrated abouUhe actin-rich baS 

^ f XpeCted ^ om Hsp25’s putative role as a modulator of aab 
from El 8 5 to ? a ^ apparent increase in staining intensity for Hsp25 lasting 
from E18.5 to post-natal day 3 corresponding to the period of testicular cord 

T " 5T t0 u the rapid P roliferation of Sertoli cells. Although it might have 
- ! t that thlS “ pstream ^tivator of Hsp25 would be fomd in le same 

earlv elh™' T ®? ^ he3t Sh ° ck protein ’ we did not find this to be the case for 
early embryonic development. While Hsp25 was expressed in Sertoli celirD38 

xpression was limited to primordial germ cells until the 16th day of development 

the onseT^/rani^sTt 10 Leyd ' g md Sertoli cells - ms corresponds to’ 

exoressed Zi? C proliferation. In sections of adult testes p38 was 

elongath^ spematids^ ermat0 ^° ma at “ sper — or developing or 

P3 ?, is beli ® V . ed !° be activated by phosphorylation at either or both of two tyrosine 

Wnhtnj; m f? empI ° yed ^ for P 3 8 detection that recZ^s ^ Z 

SSSf 38ex„r- ° nly - We K expected Phospho-p38 to be a subsTof om 

soecific This waJth ’/“n the ^h’P 38 antibody was not phosphorylation 
pedfic. This was the case for all embryonic and juvenile tissue. As was observed for 

p38 egression, phospho-p38 was detected only in primordial germ cells during earlv 

d&b„ 1 ° Pmem (UM j' EI5 5) - Unlike « observations for p38 s”ofi cd Is 
d.d not show die presence of phospho-p38 after E15.5 Phospho-p38 is restricted to 

1 Serm cells and Leydig cells for all time "poto ex ffl 

dulthood. The adult testes show an unusual staining pattern, which is not uniform 
across the testes or individual tubules, and which does not coZpond to 7e ZfriZ 

tZ H°l n °u ph0S P h0 - s P e <^c P 38 antibody. It is possiWe diat Z eS 
, ^ 12ed by * e Ph° s pho-p38 antibody is exposed only in p38’s activated state so 
hat the non phospho-specific p38 antibody fails to detect it. The abZce o^38 
tainmg m certain regions where phospho-p38 stained positively might similarly^ 
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